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Absttac!

Mars l’athfindcr,  launching in I lmmbcr
’96 and landing in July ’97, will demo a low
cost delivery system to the surface.  of Mars.
1 historical] y, spacecraft Ihat orbit or land on a
distant body carry a large amount of fuel for
braking. hflars I’athfinclcr, thrusting only for
navigation, cnlcrs dircdly  into the Mar[ian
atmosphcm, acmbrakcs with its acroshc]l,
deploys a parachute at 10 km above the surface
an(i, within 100 m off the surface, ignites solid
rockets for final braking prior to deployment of
air bags which cushion touchdown. After
landing, petals open to upright the lamlcr,
exposing solar panc]s to the sun.

1 ivcI~ thou~h  the lamlcr and mvcr are
cxpcctd  to last longer, the major objc.ctives  of
Mars ]’athfindcr,  dcmmstrating  1 HI I. (Iintry,
1 Xxcc.I]t,  1 .anding) and lanclcr-mvcr surface
opcratims,  will occur within the first fcw days,
at which t imc panoramic images of t hc smfacc
will bc trammittc(i  and the rover will bc
deployed to ccmiuct  both mobility tests and
rock composition ]~lcaslllc]~lc.]]ts.

While Mars Pdhfindcr  is primarily an
cmg,inccring  demo, it accompli shcs a focusccl,
c.xciting,  set of scicncc  investigations with a
stereo, multi-color lander imagcr; atmospheric
illstllllllc.l]t:itioll,  used as a weather station after
landinp,; and the rove.r with cameras and the
AI’X (Alpha ]Yolon ~-l[{y  S]>cdro]nctcl”).

‘1’his paper feat urcs Mars }’athfindcr’s
approacl)  to innovative and cost c. ffcctivc

(’opyt i~,l}t 01 !Wl by (IK II)(CI n:l(ional  As(ionautical
I kdcmt ion. All ri~llts  I-c.scrvd.
h4:(rs l’a[hfi  IKlcI ]’I’OjCC[ h(hmap,ct

mission acc(~lll]llisl]  l]lcr]t,  under a dcvclopmcnt
cost cap. Mars Pathfimlcr is pathfinding  a ncw
way of doing business at NASA and J]’]. for
small, low cost, 1 )iscovcry  class missions.

l’athfidc.r mprcsmts a ciiffcrcnt approach to
a Mars lander mission, signaling NASA’s
transition to low cost, Past track missions. l’ast
missions launched massive space.craft
combinations of landc]x  and orbiters on ]argc
launch vchic]cs. Viking  orbiters carried ladcrs
into orbit prim to rclcasc for lancling,  while
Russian spacecraft rclcasd their lamlcrs prior to
arrival. Al I past landm relied on mbitcr relay
links as the primary co]lllllLl]licatiO1ls”  path ad
used R“] l;’s (Raclioisotopc ‘1’hcrmoc]cct ric
Gcncratm) for power.

With a smaller launch mass, l’athfimlcr
launches from a medium si~.c, 1 )clta 1 I launch
vchiclc,  totally self contained: flying on its own
to Mars, and using a direct link to 1 iarlh. lnstcad
of a 1<”1  ‘G, the 1 ‘athfinclcr  lander is powered by
solar p:inc]s and bat[cry.

A ccntraliml systcm architccturc, built
ammd  a radiation hardened, commercial, 32 bit
c.omptcr,  conlro]s cmisc, 1011. and surface
operations.

t~o]l]l]llltlic:ttio]]  equipment, bouscd in the
landc.r provides up and downlink  with 1 iar[h in
cruise aud durj ng surface operations. A
downlink is cstablisld  with 1 iarth to the cxtcrrt

1 = ‘II m work dcxv itmd in this paper wns lmfw ine(l at l}m
JCL l’topulsion  1 atmatory,  California lnsti(utc  of
‘1’cclIINlo:y,  under a contmct  with tlIc. National
Amm:lu(ics  and Space A(ll])il]istl:itiol].



possib]c  during  1 il~l..  lJsing a cmisc direct
entry approach pionccml  by NASA’s Ames
]@Cal’Cb  ~~ClltCr,  Mars htbfilldC1’  CWT;CS
cllo~lglll~lo]~cllai~t  fortrimminglbc  fiigb[ path
only. Acruiscdcck,  Wit}lnavigatioll  tlll”llstcl”s,
propc] lant, star and sun sensors, tbcrmal cent ro]
and a mcdim gain antenna is cjcclcd from tl)c
ca]>s~llc  c{)l]taillil]g  tllclallclcr24 bmmbcforc
1;1)1.,

011 tllc Sllrracc, tllc mvcr, Supporlcxl by tbc.
lander’s multi-color, stereo camera, provjdcs
access to rocks, and with ifs close up camc,ras
ml tbc Al’X, tbc potential for rcadjng  tbc
history of Mars’ gco]ogical  pmccsscs. What
starlcd out as an cnginccrjt~g mission primarily,
has turned into a potentially exciting scientific
investigation. With this in mind tbc projcc[,
supported by its PSG (} ’rojcct Scicncc Working
Group), sclcctcd  a “grab bag” landing site, 19
IJcg. Nor(b latitmlc, 32.8 l>cg. West longitude
at [lrysc l’l:mitia, onc that not only satisfllcd
cnginccrjng  constraints (low clcvatjon,  under
the. sun, low wind, rocks ICSS than 0.5 m) but
wbicb is situated at tbc confiucncc  of two water
cbanncls,  with cvidcncc  of catastrophic
flow, wbich may bavc brougbt  down a variety
of rocks from tbc bigblands.

l’atbfindcr  was initiatcct  in ’92, subject to
tbc following groundrdcs:

1 )cmo a low cost clclivcry  approach to the
Lars surface at tbc ’96 opportunity
● Grry and deploy a microrovcr
● Accomplish botb dcvclopmcnt  and
operations unrlcr relatively low cost caps
● 1 ;stablish  a new way of dojng  businc.ss for
low cost, f:ist  track deep space., robotic
lnissions

‘1’IIC  project, facc(l t Wo major Cballcngcs:
technical and programmatic. III addition to tbc
normal mission and cnginccrins tasks
associatc(i  wjti] illlj~le,lllc~ltillg  a space mission,
it ba(i to finci a way to (io it quicker an(i cluqc.r,
provi(iins  nmrc  prociuct for cacb $.

1 ‘or tbc first cballcngc,  tbc following
technical tra(ics  were ma(ie:
b ~luisc-] ;1)1 .-1 ,amic.r systcm architecture
● 1 i] )1 , approach
● Relay link ys (iircct  link collll~lt~l~ic:itio]~s”

● ]]attcry ml y ys solar power an(i bat tcry for
tbc l:in(icr  power source
● ‘1’c[imcd M untctbcrcd rover
Wc quickly a(iopte(i  tbc Ames (iircct entry
approach to avoi(i  tbc ncc(i of carrying a large
supply of fuel to tbc planet for braking,
acrobrakillg  in Ibc atmospbcrc  instmi.  Our cnt ry
velocity is 7.6 kndscc,  comparc(i  with 4.6 kn~/scc
for Viking lan(icrs,  significantly lli~i]cr,  but
within cicsiga  limits. Ames his con(iuctc~i  arcjct
testing of tbc Viking S1 .A-561 ablator material to
show that a Viking (icrivativc acrosbc]i minp, this
ab]ator mate.rial can bc mc(i for Patbfin(icr’s
(iircct entry approach.

‘J’bc next step (icalt  wjtb cicsjgning  a cost
cffcctivc  fiigi]t  systcm architecture to carry tbc
lmicr to Mars. Onc approach stmiicci  was tbc
(iesign of a sc.paratc  cruise spacecraft to carry the
lan(icr to Mars. ‘J’hc lan(icr, bouscd insi(ic tbc
1 HJ1. capsule, wou](i be attacbcd  to the cruise
spacccmft  an(i rcleascci  for 1 i] 11, at t hc proper
time. ‘1’0 rcciucc cqujpmcnt  an(i cost, tbc (iccision
was ma(ic  instca(i  to lmjici  an intcgratexi  flight
systcm aroun(i  a central computer w}licb
con(iuctc.ci  cm isc, 1 i] )1. an(i sL]rfacc  opcrat ions
functions.

‘1’bis approach is nmic  possjb]c  with lbc usc
of a powcri’al,  flight computer  which
accomplishes the foliowjng  functions:
● 1 ‘au]t  (ictcction  an(i safins
● 1 .micr anti  rover conmanci  nn(i tclcmctry
● Clujsc  attitu(ic  control an(i maneuvers
● }il )1. scqucncjn~ control
● Scicncc  (iata  processing
● 1 ,an(icr inuigc.  compression

l(or lil)l,, wc studic(i botb active ys passive
ap}macbcs,  ic a Viking likcj 3 axis control,
rocket (iccclcrat  ion M a Russian Ii kc, semi hmi
impact using air bags an(i uprigbtin~  petals. Wc
intcractcxi  with al 1 availab]c areas of cxpcriise  in
ti)is tcchno]ogy  including NASA’s Ames an(i
1,an~]cy  Rcseard Centers, San(iia National 1,abs,
in(iustry, l;SA an(i ]<ussi:i.

Af[cr much (iclibcratim  in an August  ’92
peer review, we sclcctcci the following 1 11)1,
approach:
● Vikin~,  cicrivativc  acrosbcll
● Viking (icrivative (iisk-gapbami  parachulc
● 1X)] ) (1 k.]xalmcnt of 1 )cfcnsc.) (icrivativc
s]nali  so]i(i rockets
● l<ussian/a~lto in(iustvy like air tm~s



● Russian like uprightil]g  petals
II} tbc l’athfindcx  trade study, no 1 iIX.

approach was singled out as the ultimate. 1 iach
bas its SC1 of advantages and disadvantages.
‘l”hc 1 ‘a[hfindcr  approach, robust, pmmi sing
IC)W rcmrrinp, cost ancl adaptab]c  to a large set of
missions, is a unique  compilation of
subsystems with significant design  heritage,
cxccpt that the space qmlification d air bags
represents :i significant development. 11 is
affordable under the cost cap and represents the.
culmination of a thorough, but not cxbamtivc
trade sludy that had to end quickly to maintain
tbc fast track scbcdulc.

1 ,anding  site accuracy is on the order  of
200 km x ] 00 km 3 sigma - good for
deployment of geoscience, nmtcomlogy  and
seismic stations.

More accurate ]an(iings, say for delivery to
a base, will require. a 3-axis, rctro-propulsive
approach, possibly with homing devices and
h:i~,ard  avoidance. Mars sample  return ]andcrs
may a(l~ust  their final approach, not on why to
avoid ha~mls,  but to actively seek out a more
desirable landing site to accomplish ils mission.

llnder  the cost caps, an orbiter in suppor[
of the h4ars I’athfinder lander was clearly not
affordable. ‘1’lIc decision was made to build into
l’atbfinder a significant direct link capability so
that it cou]d stand alone,  not be reliant on
orbiters that may be at Mars for relay
colllll]llllicatiolls.

‘1’hc. cxpcmc :ind time associated with tbc
il~lj31cI~lcl~t:itiol~  of [i R’J’G  was @lgccl not
colnpatib]c  with Mars Pathfinder’s low cost, 3
yc.ar dcvdopmcnt  approach. lnstcad, bat tcry
only and solar panels/battery approaches were
st udicd as lan(icr  power options, ‘1’hc solar
pane] wi[ll  battery a}ywoacb  was sclcctc(i
pi mari 1 y for the following two reasons:
● a bat t cry on] y opt ion could nc)t guarantee
sllfficicnt lander  surface ops 1 ifct imc for sllppor[
of the I“OVCI’
● in tbc spirit of l’athfindcr’s  c.nginccring,
mission, (lc.lllolls[latillg  solar panel pcrforlnance
on  tbc surface of Mars was dcc.mcd  an
ilnporlant  engineering ob~cctive

NASA’s ]cwis Research C;cJ]tcr  provides
Sll]>port on SO]:Ir  pane,] performance in the
h4ar[ian swfacc cnvironmcn(.

II] tbc course of implementing both the

lander direct link and the solar panel power
sourec,  wc have real izcd the following lan(ier
system archi[cclme lcssoJIs  and technology
J) CC(k:

] .~ssolls
● tbc use of a significant lander direct  link,
powered by solar panels, establishes a limit on
lander  lllilli:itllliz,atioll  -- no matter how small tbc
payload can be made, solar panel area will dictate
lander si~c.
● very small landers, cxp]oit  i ng cmcrgi ng
microclcctronics,  can be achieved using an orbilcr
relay link conmunicat ions approach. ‘1 ‘he ftigbt
of Mars Surveyor small orbiters will provide this
oppor(unit  y.

:1 ‘ccl)nol{~y Ncc(ls
● store and (luJnp techniques for low power
communication links with large transmitter
antenna apcr[ure,  possibly at Ka ]Iand

efficient, solid state transmit[crs  up to Ka
;hJKi
● cfficicnt, lower mass and volume,
chargeable bat(cries

We studied both tcthcrcd  and un-tctbcrcd
rover approaches. ‘1’cthcrcd,  the rover would
remain connected to the lander  tlnmgb  a wire and
would  rely OJI the  lander for power and computer
procc.ssingj and tbc need for a lander-rover R];
link is clin]inzited.  1 ]owcvcr, a tctbcr rc.stricts
J“OVCI mobility and woLl]d  J’cqui rc a more
interact ivc rover-l:indcr dcvclopmcnt.  in the
spirit to push to do more for less, a decision was
reached to implement a fully autonomous, non-
tct herd rover. “1’hc rover is SC] f-powcrccl using  a
solar panel and a primary battcl.y,  has its own
computer for data proccssi ng and surface
navigation and cO1lllllLl[lic:ite.s  with [he lander
over a 11111; link, adapting a cunmcrcial  modcm
for space USC. It cJnploys a 6 wheel “rockcr-
boogic”  mobility approach which provides for a
steady p]atform while navig:iting a rocky surfacw.
If the rover was the size of an :iutomobi]c,  tbcn
the rover would bc able to move over ob~cds  tbc
six,c of a dini n?, room table.

NASA’s office  of Space Scimcc is
dcvclopins  l’atl~findcr. ‘1’]lC A(lvanccct  ~dCC1>tS
and’1 ‘ccll Jlology [)fflcc tcalncd wit l] t hc Space
Science office is dcvclopins the l’athfindcr  rover.



I’athfindcx is being performed at JI’I, in its in.
hmlsc,  Sllbsystcml  mode.

1 ‘or ifs sccmd  chal lcngc,  a new way of
doing lmsiness, l’athfi ndcr implcmcmt  ui a
spc.cj  al “chcapm, 1x21 (cr, faster” projccl
operating mode, usin~ a “Kelly Johnson” like
skunkworks approach, focusing on a limi[cd set
of ob@.t jvcs, and st rcaml ining project
appmachcs  and minimizing burcamwtlic
intcrfcrcncc,.

‘J’o land on Mars with a rover at low cost,
t hc 1 ‘atbfindcr pro~cd:

● Acquircct institutional supporl  priority
within .1 I’1., in particular, in quick formation of
a motivatc(l,  pro~cctizcd, cdlocatcd
“skunk works”  team

● Ac}~icvcd  lJ@/rent Ag,rccmcnts with
J]’], al~d NASA management, which arc
documcmtcd  ill the 1 ‘atbfindc.r  1 ‘m~cct  Plan and
I]mt  bc maintained

● Acquired support  in kcy 1}1)1.
tcchno]ogics  from Samlia National 1,aboratory
ami NASA’s 1,ang]cy and Ames Research
Gntcrs :ild industry

● 1.c.vc.ragccl  NASA’s investment jn J]’] ,’s
plal~ctary  lnission  infrastructure, makins, cost
c. ffcctivc usc of mission design tools, navigation
tcchniqucs,  multi-mission GIJS (Ground 1 ~ata
Systcm) ad M[)S (Mission operations Systcm)
capabi]it  ic.s, [id the J]’]. 1 ;Iip,ht  Systcm ‘1’cst
IIc(l

● IIalancc(i  usc of available ami ncw
technology, cad application wci~hcd  carcfall  y
as to its contribution to low cost, pe.rformancc,
and lower risk

● Suppmlcd  NASA in streamlining tbc
lander camera AO (Ammunccmcnt  of
Oppor[unity)  pmccss which lc.d to sclcdion of a
powcrfll]  C.aII)C,Ia utiliy,ing, the Cassini  1 llIygcns
l’mbc {Xl> (t:l]:trgc-c:()~ll)lc.(1  1 )cvicm  &
1 ilcc(ronics)  and its assmiatcd c]cctronics

● ]’ract iced concwrrcnt cng,inccring from
the Olltsct  among  mission, navigation, fligl)t
sys[cm,  illstrlllllcllts,  H3vcr,  ground  d a t a
SyStClll,  OPS, pl’{)dlld  :ISSllIlil)CC,  J>l’OCUl’ClllCllt

● Accompli shcxl car] y proof of concept
tcslillp,  for 11111, and the mvcr

● 1s performing car] y itltc.Ifiicc/fLll  lc[io]12il

kxting  in t}m J1’1. ‘J’cst ]Jcd amoJlg  the f]ight
systcm,  iastmmcnts, rover, flight S/W
(Soft ware), C;] )S, MOS scqucnccs

● Will asscmb]y  cplickly and test
tbormghly. A’J’1.0 (Asscmb]y, ‘1’cst, 1,auncb
Opcrations) bc.gins 18 months bc.fore. launch

l’athfindcr  was funded sufficicm[ly  in its 19
mmtb prc-pro~cct  phase to get a juliq~  star[ on
dcvclopmcnt,  pcrformi  ng tbc aforcmcnt  icmcd
technical tractcs;  cmnplc.ting  significant flight
systcm, rover inslrumcnts,  G] M and MOS
dcsiga; and performing detailed planning and cos[
estimating. Its design, il]l]~lclllcl]tatioll  and cost
estimates were rcvicwcd formally twice in tbc
prc-pro~cct  ph:ise  by a Standing Review }Ioard --
tbc July ’93 prc-project review being its System
1’1 )1< (J’rcliminary 1 )csign Review) and NAR
(Nm-Advocate Rc.view) c.quivalcnt.

At project starl in Octobcr ’93, wc had ii
significant segment of the GI)S up and mnning,,
had performed an 1 }arlh-1  .andcr-Rover
~lJ>]il~k/[low~lli]]k  data test and was ready with
long lead procurement documents. ‘1’hrcc  months
aflcr project starl, an lntcgratcd  ]’rojc.ct  Schc(iu]c
ad a cost update were complctcd.  “1 ‘bc
Jntcgmtc{i  I’rojcct schcdulc  details all kcy steps
ncccssary  across all pmjcct  c]cmcnts for lmnch
on I)cccmber  5, ’96, incltlding  both l’asadcna
ad 1 ;’1 ‘R (1 iastcm ‘J’cst Range) A’1’l  .0.

‘1 “hc cost update rcflcctcd  chan~es  in t hc plan
duc to tbc 10SS of Mars Observcr  spares.

With all major  procurements i nit iatd,  tbc
baseline l’atbfidcr dcvc]opmcnt  scope is costed
at 146 Mil $, and wc currently hold 25 Mil $
rcscrvcs, adding  to 171 Mil real year $,
cc]uivalcnt  to tbc 150 Mil $ (liY ‘9?) cap.
}ixploiting  the J]’], existing multimission
institutional infrastructarc has pcrmit[d
acquisition of the (; IX+ and JvIOS for 12 Mil $, a
substantial reduction to that which has bccm spc.nt
historically at J1’I.. ‘1’hc total allocation for
science  and instmmcnts  is 15 h4il $. ‘1’hc Al’X,
dcvclopcd  for the. Russian Mars ’94 mission,
costs 1.() h4il $ plus amtbcr  1.0 h4il $ for the
AI’X deployment nmchanism. ‘Jim 1 andc.r camera
is being furaisld  by the }’1 (] ’rincipal
lnvcsti~ator),  cost cappd  at 5.0 h4il $. }’mjcct
mam~cmcnt  is costing 5 Mil $. ‘J’br. largest usc
of funding at 114 h4il $ is dire.cted at flight
Systcnl (Icvclopmcmt.



‘lk rowr is being  dcvc]opcd for 2.5 Mil $
real yc.ar, il]fl(l(litioj]tc)tl~c 171 Mil$
I’atbfindcr dcvclopmcnt  allocation.

lkxamc  l’albfindcr  is probing to do more
for less, lhc following dcvclopmcnt  prjmitics
were cstablisbcd, kc.ycd to mission success
crjt c.rhl, and wi 11 guide tbc use of rcscrvcs an(l
dc.scope decisions, if nccwssary,  to stay within
tllc Cost cap:

1.
2.

7. .

4.

5. .

6.

7.

8.

9.

j.’atlbfi@l.l  level.o]~lllc]lf. j’lioljtics

IJclivcry  Systcm to Mars: cmisc ad 1 L] )].
Guise am] I il~l. tclcmctry illstllllllcllt:itioll
for realtime and stored tclcmdry
transmissicm
a. cmisc,  cmisc  scparaticm an(l  1 0 ) 1 .

critical cvcat  tc]cmctry
b. g levels in atmosphere and m landing
c. acrosbcl I tc.mpcrat urc/pressure

mcasurcmcnts
‘1’rammissim  of stored 1 i])], and realtime
lander  cnginccring  tc]cmctry as soon as
possib]c  aftc.r  landing

- 50% mission success -
‘1’ransmission  of a sl]bsct of the panoramic
image

- 70% mission succcss  -
1 X@oylncnt  of tbc Rover ad supporl  of
Rover cnginccring opcraticms

- 90% mission succc.ss -
‘J’rallsmissioll  of AI’X  data with AI)X
dc.ployd  against rock ad soil by Rover
“1’ramnission  of camera scicncc  data
ac.c]uirexl in daytime, dawn to dusk, for 7
(lays
‘J’l:illsll]issioll  of camera scicncc  data
acquired in night(imc  for’? days
‘1’l:lllslllissioll  of stored atmospheric scicncc
(accclcrolllctcr,  prcssulc,  tcln~)cratllrc)  dat:i
af[c.r lading,

10. ‘1’ransmission  of surfidcc mcasurcmcnts  of
tc]ll~)c]:itlllc. and  pressure for 30 days

11. ‘1’ransmission  of camera scicmcc data
acquired in daylimc,  dawn to dusk, for 30
days

12. ‘1’ransmission  of camera scicncc data in
niq,httimc for 30 days

- 1 00% mission succcss  -

‘1’hc most imporlant  fcatmc of Patbfindcr’s
appmacb  is co] Iocat  ion of kc.y tc,am mc,mbcrs on
tbc same floor of oac building around  tbc .11’1.
l;ligbt Systcm ‘1’cst l]cd, Collocation simp]ifics
lines of colllllltlllic:itioll  and facilities rapid
iteration of rcc]uircmcnts and rcsolutim  of issues
and plmcms. ‘1’cam members from the JJ’],
technical divisions remain administratively tied to
tbcir lmmc  division, in what is called tbc “soft
pmjccti~,c(i  mo(ic”, but arc. rc.spcmsib]e to tbc
projcd for pcrfomancc,  cost ami schcdulc  of
tbcir work packages, not to tbc. divisions. Wc arc
self-containc(i, inclu(iing  product assurance anti
prcmrcmcnt  teams coliocatc(i  with the project.

Oar l’rojcct 1 inginccrjng ‘1’cam (1’1 ~1’),  wit]]
mcmbcrsbip from all prc)jcct  clcmcnts,  is cm
major concurrent cnginccring  vcbiclc. 1’1 ~“1’
coorciinatcd  l’mjcd  (iocumcnt cicvclopmcnt
including tbc l’rojcct Plan and lower level
rcquircmc.nts stemming from tbc. l’rojc.ct Plan’s
1 .cvd 1 rcquircmcnts.  l’1i’1’  is rcspcmsib]c  for
tracking comp]iancc to rcqaircmcnts,  for planning
incrcmcnt  al 1 VW (11 ard ware) ami S/W (iclivcrjcs
to the JI’I. ‘J’cst llc(i for early phasc(i  tcstin~,  as
capabi I i tics cvo]vc, mi for comiinat  ing tbc
1 inginccrins  configuration (kmtro] anti
Problcm/1  ;aiiurc proccsscs. }’1;1’  also acts as the
pmjcct rcfcrcc in working “1’1 H’ P] H LVJ iS”:
problems that impact rcquircmcnts  or have an
impact to othc.r  clcmcnts  of the project. ‘1’hc early
pbasc(i  tests in tbc J]’]. ‘1’cst IIcd essentially gives
us a hc.a(i start on A“]’10 with car] y int crfacc  an(i
functional testing in parallc]  with (icvclopmcnts,
prjor to tbc formal start of A’]’].0 in June ’95.

l’athfin(icr is being fi~bricatcd,  ;isscmb]c(i  an(i
tcstc(i  at JJ’I.. h4ajor contracts have been initiated
for tbc flight computer, acroshcll, paracbutc  ami
air bags.

Pa[}Ifin(icr  uses tbc following avai]ablc
equipment or (icsigns:

Q Gssini transponder
Q lL4ap,c.tlan  Star Scanacr
“ A(icol  SO]] SCIISOI’S
● Viking  heritage acrosbcli arI(i  parachute

cic.sif,ns
● ] X)]) (kwck)pc(i  RA1 ) rmkct s ami

allimdc.r



All flight equipment is being subjcctd  to
rip,orms inhcritamc  review and space
qualifica[im testing  tailorcc] 10 the Pathfinder
mission rcgmllcss  of previous testing history.

l’alhfindcr’s  kcy new tc.chnology uses
incldc:

● A frc.e ranging rover wi[h on-board
a~l[onomms  navigation

G ROVC.J  thCJUWil  cndcmrc
● A soli(i slate X-Dand power amplifier
G A RA1 J haJ’dcJIcd,  commercial flight

COJll])UtCr
● Air bags adapted for L]SC at Mars
● 1 ,andcr  image data compression

‘J’hc rover, X-13 and power amplifier and
I H )]., in pwlicular the air bags represent the
major dcvclopmcnts, and sigtlificant  work was
:lCCOJll]~]i  SbCd OJl C:iCh  d thCSC ill t}lC ]>l’C-]>rOj  CCt
phase including proof of concept air bag tests at
Sandia,  Jovcr mobilit  y Icsts and brcadbomi
powcJ”  alnp]ifier  dcvc]opmcnt  at J]’]..

lb]’ the 1 ;1)1 ., comprised of SLlbSyStCJIK
with bcJjtagc (air hags the exception), the
clMllcJIgc  lies with iJ)corpoJ”ating  these
subsystems into an effective, space cpmlific(l
system.  1 ‘3)1. Sys(cm dc.mc)JlstJ’ation  W(1  space
qwtlificatioJ)  tcstiJlg  arc of major importance,
but  tbcy arc not on the critical path Jclativc to
A’1”1,0 and  can bc accoJnplisllccl  largely
il~(lc.])cl)(lc.l~tly,  in parallel with A’1’l  ,0.

A“]’].0 critical path items include the lander
St J”llCt lllC, bal’lICSS,  ]> C) WC] subsystem, Al M
(At[itudc  & lnformaticm  Manag,cmcnt subsystcm
cmbodyins,  the flight computer), the flight S/W
:Ul(]  thC J“OVCJ’.

we have p]anncd A“]’] ,C) at OJIC sbifl per
day, S days pc.r week in ]’asadcna, and 6 d:iys
pm Week at 1 ;1’1<. Wc  1101(1 22 weeks of
schcdulc  margin distributed in A“l’1  .(), in
addilion  to cxlra shifts and wcckcds, tbc
sup]ml  cost of which is bookkcpt  as a lien on
1’C.SCJ’VCS.

] ‘:lthfill(lCJ”  S Jll:tjOJ’  l)J’O~r:tlDlll:tt  iC Chd]CJl~,C.
is:

● AccC)Jll]l]istllllcl)t  of both the ]’athfindel”
and mvcr (levc.lc)])]]lc.llts  within their cost
caps: ]‘11 and 25 Mi] $, J“ca]  year,
rcspcd ivcl  y.

Accomplishing dcvclopmcnt  in 3 years is a
lesser cballcngc,  especially with the quick starl
made possible by the prc-project phase.

1 ;xccpt in 1 ‘Y ’93 where there arc two,
]’athfindcr  conducts oJm formal review cacb year
before a Standing Review IIoard with Ihc System
(;] )]< ({htical 1 >csify ]<cvicw)  in Scptcmbcr  ’94
the J]CXI review. An Arl’l,0 Rcadinms Review
coJdLlctccl  in May ’95 and a prc-ship,  MOS
Readiness Rcwicw conducted in August  ’96 arc
the rcmaini ng formal reviews before  1 aunch. ]J1
May ’97, a Surface (lps Readiness Review will
bC COJdUCtCd.

Mars l’at!~findcf’  Key M~l@oncs

]’rojcct  Start
System (lit ical I )csign  Review
A’J’1.0  Readiness Review
K1’1.0 Starl
1 ,aunch  Readiness Review
1 ,amcb pcrjod 12/5/96 -
Surface 01’S Readiness Rcvimv
1 jading  on Mars
~omp]ctc  30 day sldacc mission
l}ml of Mission
1 Lll(l of l’rojc.ct

1 0/1 /93
9/94
5/95
6/95
8/96

1 /3/97
5/97
7/4/97
8/97
8/88
9/9g

Mars is most Iiartb-like of the tcrrcs(rjal
p]ands  and Jnay  have  supportd  life. It has
stim(i  interest and imaginatioJl  for many decades
and wjll  continue to be the target for human
CX@oratiOJl  iJl t]lC J)CXt CCJ)tlll”y.  A JIO ]CSS
important objective is communication to the
public of l’athfindcr’s cxcit  ing robot ic exploration
C)f Mars, inc]uding Stdcnt  interaction with the
mission Ihrougb  1 ‘athfindcr’s  1 klucat  ion Outreach
program. in addition, l’athfindcr’s  ‘1’cchJIolo~y
‘1 ‘ransfc.r  l’lan identifies tcchnolo~ies  with
comlnc.rcial  spin-off potential.

-Mars l’athflndcr h4issign  1 k.scription

A sin~]c Mars l’athfindcr  fli~ht systcJII  will
be launched to Mars in tl]c period 1 )cccmber 4,
1996 to January 3, 199-/ from a 1 )clta 11, landing
on July 4, 1997. ‘1’he flight systcm is spin
slabilimd  during cruise, spinning at 2 rpln, with
the spin axis and medium gain antenna pointed to
earth except for the first few days after launch,
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when the spin axis may bc pointed C1OSCI  to the
sun ]inc. After the first 20 days, the SUJ) ]inc
rcnmins  wjthin  40 dcgrccs  of Ijarth, and the
cadh pojn[  attitdc  k maintained until Mars
at nmsphcrc. cnt ry, including crukc t ra.jcct  my
maneuvers which arc pc.rformcd  jn a vector
Inodc: thrusting along or pcrpcndicu]ar  to the
spjn axis. All cruise critjcai  events arc
lclcmctcrcd in real time to carlh.

‘J’wcnty  four hours before Mars arrival, t hc
flight systcm,  keeping in touch with liarth, will
jct(ison its cmisc stage and mtcr directly jnto the
Mm at mosphcrc,  braking with an acroshc]l,
parachute, small solicl rctmrockcts  and air bags.

‘1’hc entry vclocit  y js 7.6 kndscc ( 17,100
mph) comJ>arcd wjt h Viking  at 4,6 knl/scc
which cntcrcd  from orbjt. Mars }’alhfindcr’s
entry angle js 16.7 dc.g. (90 deg. would  bc
straight down) and peak atmosJimrjc  shock, 25
g’s, js cmm~lntcred at 32 kIn above the surface.
‘1’hc parachute js dcp]oycci  at Mach ].8 (900
II1]JJJ) a~ J O km, J 00 seconds after atmosJ~hcric
Cntry.

l{J>l, cnginccring  tcJcmdry will bc
tr:insmi~tcd  to Iiar[h in real time to the cxtcfllt
]mssib]e.  ] lcforc.  chute dcp]oylncnl,  Calltl
rc.mains  near the spin axis behind the craft an(i
cc)ll~l)~~ll~ic:ltiol~  10 earth is through a Jow gain
al)tcnna at 40 b]>S. After ChUtC,  dc+]oymcnt>  thC
] iar[h moves to aJqmxinlatc]y  90 deg.
from the spin axis including chute swjng,
making coll]ll~[ll~icatiolls  more difficult. At this
time, wc wjll acconlJ31ish  carrier prcscncc
detection only. ” 1;1)1.,  lasting for 5 minu(cs,
will bc supported wjth the 70 m most likely
arraycxi wjlh avail ab]c. 34 m antennas.
l’athfindcr  lands semi had at up to 20 nds
Jmri~onal  and up to 20 n]/s vertical vclocjtics.
1 .anding will bc limitd  to <50 g’s mjng, an air
bag systc.m (icsigncd  to accommodate 1/2 m sim
rocks. ‘J’hc Jandcr tumb]cs and rolls across the
sllrfacc  and rights jtsclf usjng petals much like
all  oJxH)ing,  f l o w e r . After opening,, the petals
C~J)OSC  S0]:11  ]~alld S tO thC S1111  fOr J> OWC.rill~>
Slll”facc  0J)C2”21t  ions.

Aftc.r landing, the lander will transmit stool
1 iJ )1. da{a :ind real time Janclcr  and IOVCX
cnginccring  tc.Jcmc.try  first. J)anoramic jmgcs
of the surface will bc also transmitkxl  to 1 ;arth
the fi Ist day. ‘J ‘he. rover wi II bc deployed as
car]y, as tlm first day, for stail of jts surface

oJ>cIat ions. ‘1’hc rover conducts sdacc molilit  y
cxJJcri mcnts, iJnagcs rocks and Soi ] aJld dcp]oys
the APX on sojl  an(i against rocks. While 30 day
and 7 day Jwimary surface missjons  arc planned
for the lander ant] rover, mspcct ivcl  y, close to
100% of all lander and rover engine.cring and
sckmcc objcctivm  arc achicvcd  nominally in the
first few (lays of smfacc opcratjonsm [lmcntly,
no 1 ifc constraint prccludcs  opcrat ions of the
]andcr or the rover past thejr primary mission
rcclujrcmc.nts.

‘1’he Pathfinder scientific payload jncludcs
illstrlllllcllt:itioll  for measuring atmmphcric and
lmting dccc.lcration;  pressure and tcmpcraturc
during entry and while on the surface; a 12
sJ~cctral  channel, stereo ]andcr camera for surface
and atnlosJ)hcric  jmagjng,  jncludin~  imaging
nmgnclic  JwoJmrlics  targets, a wjnd sock and
SllJJpOlt  Of 10VCr llaVi~atjOll;  ad thC 10 VCl’-
dcp]oycd  A1’X for c]cmcnta] ccmlposition
mcasurcmcnts  of rocks and sojl. ‘J”hc rover
carries aft and forward cameras for dcmonst rating
autonomous ha~jard  avoklancc and imaging its
local surrcmndings, soil ancl rocks, ancl the
lander.

‘1’hc combination of Pathfindcrts  devclopmc.nl
and opc.rat  ions cxJ~cricncc  base wj t h that acqujtcd
by Viking  wjll Jmvidc an cxtcnsivc,
dcmonst  rated set of U .S. capabj  1 it ics for fulurc
Mars lan(lcrs.

lhtllrc landers may bc launched to MaIs as
early as ’98 in the Mars Surveyor or l~iscovcry
1 ‘mgrams. Sonic of these ]andcrs wjll bc close
clcrivativcs or smaller versions of l’athfindcr.  ln
addition, further study of smal 1 lander
architecture is underway jn sLlppoIL of the. Mars
Surveyor 1 mdcr l’rogram.  Onc JJiscovc.ry
pmposai  is Jianning  to land ii nc:ir l’tithfindcr
duplicate vchic]c at North I)oIc of Mars. Oihcr
Jandm  will rcpackagc  ]’athfindcr’s ccntralimd
systcn} :]r~])j[~~tllr~  ~]sjn~  c]ll~rgjng ]llicro
clcdronics and li:jltcr materials to rc(iucc si7,c and
volume. ‘1’his will have a ripp]c effect in rcdmjn:,
cnd to cnd mission NM, in Jmticular  in cnabJjng
launclm  of ]andcrs from smaller launch vchiclcs.
‘J’hcsc. smaller ]andcrs  will have. a focused scicncc
jl)vcsti:ation objcctivc, around mm or a  fcw



]l~c:isllrc]]lc]~ts,  ddcrmincd  by the NASA AO
pmzss.

Mars l’athfimlcr  major cmtribu[ims  to
fut u m 1 andcrs arc designs, dcvclopmcn[s,
]cssons learned, in parlicu]ar:

● A low cost, fast [rack project approach
● A ]OW cost, robust, entry, clcsccnt>
landing  systcm scalab]c to olhcr missions

● Ac.roshcll,  parachute, RAl ), air
bafls, uprighting petals can bc individually
or wholly used by follow-m missions
● A self-contained flight systcm
architcclmc.

● (~an fly to Mars on its own
● (k] communicate dircdly  with carlh

● A stereo, multi-color surface imagcr
● A free ranging, autonomom navigating
rover with instrument p]accmcnl  capabi lit y
● Solar powered ]anclcr and rover

* ‘1’hc  cal-ric.r  will be ampliludc  mdula(c(l  a( this Iiloc 10
c(m]lnunica[c  CI itical cvcn(s only such as acrmhcll,  and
cltulc (lcI)}oymci)Is,  I{AII  firing and air bag (Icploymcl)[.
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